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SIMPLE ENCODER 1 
(Recursive Conv. code)

SIMPLE ENCODER 2 
(Recursive Conv. code)

PARITY  
1

PARITY  
2

INFORMATION

C
H

A
N

N
E

L

SIMPLE DECODER 1 
(APP algorithm)

SIMPLE DECODER 2 
(APP algorithm)

DECODED  
INFORMATION

TURBO ENCODER TURBO DECODER
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  100   101   102   103   104   105   106

Information Block Size k (bits)

Terminated
Convolutional

Golay
(24,12)

(8,4)

Quadratic
Residue
(48,24)

Voyager

Galileo LGA

Galileo HGA
Cassini

 (3,1/2)

 (7,1/2)
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b
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, d

B

Pw = 10-4

r=1/3

r=1/6
r=1/2

r=1/4

-1

0

1

2

3

4

5

6

7

8

-2

CCSDS turbo codes

Hamming

Sphere-packing 
lower bound 

r=0
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0.5 1 1.5 2 2.5
De lta Eb/No wrt rate and block dependent lower bound, dB

DSP VLSI

1.2Mbps

75Kbps 6Mbps

10 0Mbps

16Mbps

CCSDS codes

Repeat&accumulate 
codes

Hamming&accumulate 
codes

Convolutional&accumulate 
codes

WER=10-4

Cassini Code 
(decoding complexity=32000)

p

D

Min im al 
span block 

code

p

D

p

p

Hamming 
(8,4,4)

D

D

Repetition 
outer code

p

p

4-state accumulator 
inner code

2-state accumulator 
inner code

2-state accumulator 
inner code

Repetition 
outer code

2-state accumulator 
inner code

2-state accumulator 
inner code

2-state accumulator 
inner code

2-state convol. 
outer code

4-state convol. 
outer code

4-state block 
outer code

2-state block 
outer code
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CONTINUED ON PAGE 7

Tone Definition

Nominal Spacecraft is nominal, all functions are performing as expected.
No need to downlink engineering telemetry.

Interesting
An interesting and non-urgent event has occurred on the
spacecraft. Establish communication with the ground when
convenient. Examples: device reset or other transient events.

Important

Communication with the ground needs to be achieved within a
certain time or the spacecraft state could deteriorate and/or critical
data could be lost. Examples: memory near full or non-critical
hardware failure.

Urgent

Spacecraft emergency. A critical component of the spacecraft has
failed. The spacecraft cannot autonomously recover and ground
intervention is required immediately. Examples: power failure or
gimbal stuck.

No Tone Beacon mode is not operating, spacecraft telecom is not Earth-
pointed or spacecraft anomaly prohibited tone from being sent.
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Asteroid 1999 Month
of Detection

Distance
(AU)

Distance
(km)

Lunar
Distances

1992 SK Mar 0.056 8.4E6 21.5

1999 FN19 Apr 0.021 3.1E6 8.0

1999 GU3 Apr 0.029 4.4E6 11.3

1999 FN53 May 0.059 8.9E6 22.8

1999 JM8 Jul-Aug 0.057 8.5E6 21.8

1999 NW2 Jul 0.016 2.4E6 6.3

1999 RQ36 Sep-Oct 0.015 2.2E6 5.6
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TURBO CONTINUED FROM PAGE 4
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ASTEROIDS CONTINUED FROM PAGE 14
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BEACON CONTINUED FROM PAGE 8
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